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 Abstract. 32 neonatal Black Pie dairy calves (22 females and 10 males), clinically healthy, in 
a farm from Romania were divided into 8 groups according to age (group 1= one day old, group 2= 2 
days old, group 3= 4 days old, group 4= 8 days old, group 5= 11 days old, group 6= 18 days old, group 
7= 24 days old and group 8= 29 days old) and blood sampled to investigate the changes in the 
concentrations of serum total protein (PT), albumin (Alb), globulin (Gb), iron (Fe), ceruloplasmin 
(Cerlp) and plasma haptoglobin (Hapt); the haematological variables measured were: red blood cells 
(RBC), haematocrit (Htc), haemoglobin (Hb), mean cell volume (MCV), mean cell haemoglobin 
(MCH), mean cell haemoglobin concentration (MCHC), platelets, reticulocytes, white blood cells 
(WBC), lymphocytes, monocytes, neutrophils, eosinophils and basophils. The values are discussed in 
relation to the published reference ranges for adult cattle. 
In the present study, Pearson correlation test showed a positive association between 
ceruloplasmin and RBC, Hb, Htc (P = 0,001) and globulin (P = 0,004) values. Also Pearson 
correlation test showed a negative association (P = 0,04) between ceruloplasmin values and number of 
platelets.  
There were significant age related changes (p < 0,05) for MCV, MCH, MCHC, platelets, 
WBC, neutrophils, lymphocytes, neutrophils. total protein and globulin values. Serum ceruloplasmin 
were below cattle reference range 120-200 mg/L for all 32 calves. The results help to indicate when 
the use of the adult haematological and biochemical reference ranges is inappropriate and to act as a 
guide to the values to be expected in younger animals. 
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INTRODUCTION 
 
 Copper is essential for haemoglobin formation and iron transport. Copper is the rate-
limiting element in the synthesis of ceruloplasmin a glycoprotein that is synthetized in the 
liver. Copper deficiency in experimental and domestic animals impairs their growth, alters 
their haematological, cardiovascular and nervous systems (Prohaska, 1990), and has been 
associated with an increased incidence of microbial infections in domestic animals (Suttle and 
Jones, 1986).  
 The aim of this work was to evaluate the status of copper and correlation with 
haematological profile of neonatal Black Pie dairy calves.  
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MATERIALS AND METHODS 
 
 32 neonatal Black Pie dairy calves (22 females and 10 males), clinically healthy, in a 
farm from Romania were divided into 8 groups according to age (group 1 = one day old, 
group 2 = 2 days old, group 3 = 4 days old, group 4 = 8 days old, group 5 = 11 days old, 
group 6 = 18 days old, group 7 = 24 days old and group 8 = 29 days old). Each group had 4 
calves. Blood samples were taken by jugular venipuncture using EDTA vacutainer and 
uncoated vacutainer. The samples were analysed for serum total protein (PT), albumin (Alb), 
globulin (Gb), iron (Fe), ceruloplasmin (Cerlp) and plasma haptoglobin (Hapt). Serum levels 
analysis and plasma were performed in an automatic biochemical Cormay Accent 200. 
 Haematological analyses included red blood cells (RBC), haematocrit (Htc), 
haemoglobin (Hb), mean cell volume (MCV), mean cell haemoglobin (MCH), mean cell 
haemoglobin concentration (MCHC), white blood cells (WBC) and number of platelets. The 
samples were analysed in an automated cell counter (Animal Blood Counter Vet) to obtain 
these eight parameter, complete blood count. Differential leukocyte count was performed 
microscopically on Giemsa stained blood film. Reticulocytes count was performed 
microscopically on Brilliant Cresyl Blue vital stain. 
 Statistical analysis was conducted using SPSS 16 for windows. Age effect was 
examined using ANOVA. The relationship between ceruloplasmin and haematological 
parameters was calculated through Pearson correlation test. 
 
RESULTS AND DISCUSSION 
 
 The values are discussed in relation with the published reference ranges for adult 
cattle. Calves were separated from the mother immediately after calving. Until the age of one 
week, calves were receiving milk from their mothers, 4 L per day. From 2 weeks to 3 months, 
the calves were receiving milk from the farm, 4L per day. There were no interactions between 
age and sex for the measured parameters.  
 The changes in RBC, Hb and Htc are shown in Fig 1. Regarding RBC, the most 
elevated values were observed in one day old calves (8,36±1,02 x 10/µL) and the lowest in 
those 11 days old (5,69±0,19 x 10/µL), but the differences were not statistically significant 
(P> 0.05). During the entire study, the RBC were placed in physiological limits for adult 
cattle 5-10 x 10/µL (Kramer, 2000). 
 RBC, Hb and Htc showed tendency to decrease until the end of neonatal period 
without statistically significant differences recorded. Normal Hb values of cattle are 8-15 
g/dL and 24-46% for Htc (Smith, 2009; Merck, 2008; Radostits, 2007 ; Kramer, 2000). It has 
been reported that Hb, Htc and RBC values of calves, during the first three months of age all 
were within adult reference range (Knowles et al., 2000; Egli and Blum, 1998).  
 The lowest values of the Hb and Htc have been observed in 11 days old calves (Hb = 
7,8 ± 1,14 g/dL; Htc = 21,8 ± 0,56 %) which coincides with the change of mother milk with 
farm milk. Sharma et al. (2003) have reported low haemoglobin in mineral-deficient animals. 
 In the present study, Pearson correlation test showed a positive association (P = 0,001) 
between ceruloplasmin values and RBC, Hb and Htc. 
MCV levels showed a significant decrease from one day up to 24 days of age (P < 0,05). 
Significant differences were seen between calves one day old (40.66 ± 2.08 fl) compared with 
those of 8 days old (36.5 ± 2.12 fl) and 24 days old ( 37 ± 2.82 fl). In the present study, with 
regard to a declining trend in Htc, Hb, MCV while RBC showed an increasing trend, may 
implicate a state of microcytic probably due to iron deficiency. The levels of iron in the 
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present study did not support such hypothesis. It is believed that reduction of RBC parameters 
during a few weeks after birth to be a normal physiological development (Tennant et al., 
1974) and not related to iron level. 
 MCHC and MCH showed a progressive increase from the first day of age until the 24 
days followed by a decrease 29 days of age. Calves aged 24 days had values of MCH (14.85 ± 
2.61 pg) statistically significant increased (P = 0.03) than calves one day old (12.73 ± 0.32). 
The same situation was observed at MCHC when calves aged 24 days showed values (37.05 ± 
0.21 g/dL) statistically significant increased (P = 0.01) compared to calves one day old (31, 46 
± 0.70 g/dL). The amounts of MCH and MCHC levels of calves were consistent with 
reference range previously reported :MCH = 11-17 pg; MCHC = 30-36 g/dL (Kramer, 2000; 
Radostits, 2007, Merck, 2008; Smith, 2009). Egli and Blum (1998) reported a similar pattern. 
 Pearson correlation test did not show an association (P = 0,001) between 
ceruloplasmin values and MCV, MCH and MCHC. 
 
                   
                  
                  
Fig. 1. Mean (SE) values of RBC, Hb, Htc, MCV, MCH and MCHC at various sampling ages  
(1 = one day old, 2 = 2 days old, 3 = 4 days old, 4 = 8 days old, 5 = 11 days old, 6 = 18 days old, 7 = 24 days 
old, 8 = 29 days old) The normal adult cattle range is shown by the shaded area. 
 
 All the 32 calves presented anisocytosis and poikilocytosis. Erythrocyte size continues 
to decrease after fetal life for the first 3-4 months in neonatal calf. This gradual reduction in 
MCV coincides with the disappearance of fetal hemoglobin and replacement by adult 
hemoglobin (Jain, 1986). Poikilocytosis consisting of echinocytes, acanthocytes and 
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schistocytes has been reported in normal and anemic calves less than 6 months of age (Okabe 
et al., 1996). 
 The age of calves had a statistically significant effect (P < 0,05) on platelets number 
(fig.2). A decreased number of platelets were observed in 2 days old calves (467 ± 170,13 x 
103/µL) and the highest values were observed at 11, 18 and 29 days old (847 ± 74,95 x 
103/µL). 
 In the present study, Pearson correlation test showed a negative association (P = 0,04) 
between ceruloplasmin values and number of platelets. Knowles et al. (2000) and Egli and 
Blum (1998) reported that the platelet count was within reference range at birth time, with an 
increasing trend after six days up to the adult reference range. Thrombocytosis is usually 
secondary (reactive thrombocytosis) and may occur with exercise, stress or inflammatory 
conditions. In ruminants a false elevation in the platelet count may occur because of the count 
of small RBC as platelets by some automated analyzer (Jones, 2007). 
 The presence of reticulocytes was recorded from first day (0,83 x 103/µL) up to 18 
days old (2,72 x 103/µL). The most elevated values were found in 6 days old calves 56,72 x 
103/µL. Reticulocytes are immature RBC that contain precipitated organelles when stained 
with a vital stain, such as Brilliant Cresyl Blue. In ruminants the presence of reticulocytes 
indicates some degree of regeneration (regenerative anemia) because immature RBC are not 
normally present in the circulation of adult cattle. The normal calves present the reticulocytes 
on first days of age. Significant differences were not seen among all groups compared with 
ceruloplasmin values.  
 The age of calves had a statistically significant effect (P < 0,05) on WBC (fig. 2). 
WBC has a statistically significant decrease (P = 0,01) in 2 days old calves (7,96 ± 1,25 x 
103/µL) compared to those aged one day (13,8 ± 4,77 x 103/µL). In the present study, mean 
WBC was within the adult reference range except for one day old calves. It was reported that 
WBC number at birth tended to be above the upper limit of adult reference range but will 
drop to level within reference range at other sampling times (Knowles et al., 2000; Zanker et 
al., 2001). Pearson statistical test showed no correlation between evolution of ceruloplasmin 
and WBC. 
 In the present study it was observed a gradual decrease of the total number of 
neutrophils (fig.2). Statistically significant differences (P < 0,05) were recorded in calves 
aged 2, 8 and 24 days old compared to the one day old calves (10,29 ± 4,45 x 103/µL).  
 Regarding the number of eosinophils there were observed elevated values (0,22 ± 
0,311 x 103/µL) in 8 days old calves, compared with other groups (one day old = 0,04 x 
103/µL, 29 days old = 0,01 x 103/µL), but the differences were not statistically significant. 
 Basophils values showed a decrease at one day old (0,11 x 103/µL ) compared with 29 
days old calves (0,04 x 103/µL), but the differences were not statistically significant. 
Eosinophils and basophils levels remained within adult reference levels at 32 calves; 
eosinophiles = 0 - 2,4 x 103/µL, basophiles = 0 - 0,2 x 103/µL (Kramer, 2000). Pearson 
statistical test showed no correlation between evolution of ceruloplasmine and total 
neutrophils, eosinophiles and basophils. 
 Number of monocytes has a tendency to increase at one day old (0,76 ± 0,73 x 103/µL) 
compared with 6 days old calves (0,82 ± 0,62 x 103/µL ), but the differences were not 
statistically significant. Evolution of lymphocytes (fig.2) recorded the lowest values at one 
day old calves 2,89 ± 0,41 x 103/µL.  
 Lymphocytes levels showed statistically increased (P < 0,05) in calves aged 8 days 
(6,15 ± 0,93 x 103/µL) compared with one, 2 and 6 days old calves. From 8 days old, the 
lymphocytes showed a statistically significant decrease (P < 0,05) up to 18 days old (3,88 ± 
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0,73 x 103/µL), followed by an increase up to 29 days old calves (5,95 ± 0,99 x 103/µL ). In 
the present study the levels of monocytes and lymphocytes were consistent with the amounts 
in adult cattle. Pearson correlation test did not show an association between ceruloplasmin 
values and monocytes and lymphocytes. The higher numbers of WBC and neutrophil and 
lower number of lymphocyte at birth have been attributed to the higher concentration of 
cortisol. The cortisol level of the fetus increases during the last few days of pregnancy is high 
at birth and decrease progressively after birth for 11-20 days in order to reach adult level 
(Jain, 1986). 
 
                    
                         
                            
Fig. 2. Mean (SE) values of WBC, neutrophil (Neutroph), lymphocyte (Lymph), platelet (Plt), total protein (PT) 
and globulin (Gb) at various sampling ages (1 = one day old, 2 = 2 days old, 3 = 4 days old, 4 = 8 days old, 5 = 
11 days old, 6 = 18 days old, 7 = 24 days old, 8 = 29 days old). The normal adult cattle range is shown by the 
shaded area. 
 
 Iron levels of calves were consistent with the amounts in adult cattle (57-162 µg/dL) 
(Radostits, 2007) except 8 days old (50,55 ± 32,68 µg/dL) and 18 days old calves (56,14± 
31,23 µg/dL). Pearson correlation test not showed an association between ceruloplasmin 
values and serum iron. This is in the contrast with the reports of Knowles et al. (2000) and 
Egli and Blum (1998), which reported lower iron levels for calves than adults. Probably the 
amounts of body iron reserve and iron content of diet is responsible for these differences.  
Significant age related changes were seen for the amount of serum total protein and globulin.  
 Total protein (fig. 2) increased significantly (P < 0,05) at 6 days old (7,5 ± 0,47 g/dL) 
and then decreased (P > 0,05) up to 29 days old. Mean of globulins (fig. 2) increased 
significantly (P < 0,05) at 6 days old and decreased (P = 0,009) until 18 days old (2,25 ± 0,49 
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g/dL) and then increased (P > 0,05) up to 29 days of age calves (2,8 g/dL). Albumin values 
varied statistically insignificant in all age groups. In the present study, serum total protein, 
globulin and albumin levels was within the adult reference range : PT = 5,6-8,1 g/dL 
(Radostits, 2007), Alb = 2,1-3,6 g/dL (Radostits, 2007), Gb = 2,1-3,7 g/dL (Merck, 2008). In 
the present study, Pearson correlation test showed a positive association (P = 0,004) between 
ceruloplasmin and globulins values. 
 Haptoglobin (protein that increases in acute inflammation) was within the adult 
reference range 0-0,4 g/L (Radostits, 2007). Plasma haptoglobin showed the highest values at 
6 days calves (0,29 ± 0,07 g/L), followed by a decrease until 29 days old calves (0,14 ± 0,09 
g/L). Pearson correlation test did not show an association between ceruloplasmin and 
haptoglobin values. 
 In the present study, serum ceruloplasmin (fig. 3) were below cattle reference range 
120-200 mg/L (Radostits,2007) for all 32 calves. Serum ceruloplasmin activity is decreased 
by copper deficiency, the relative activity of this enzyme increases during infection and 
inflammation (Beisel 1976; Conforti et al. 1982; Neve et al. 1988). The activity of 
ceruloplasmin is closely correlated with serum copper in cattle (Blakely and Hamilton, 1985). 
Also, Cerone et al. (1998) reported that ceruloplasmin concentration was decreased in cattle 
with experimentally induced copper deficiency. 
 In our study the highest values of ceruloplasmine were at one day old calves 109,43 ± 
102,90 mg/L, followed by a decrease until 29 days old calves (44,73 ± 13,27 mg/L. The 
lowest levels of serum ceruloplasmin were at 18 days old calves 30,35 ± 0,28 mg/L. The 32 
calves receiving a limited amount of milk (4L milk/day) with a low content in Cu (less than 
0.15 mg/kg), showed ceruloplasmine values below reference parameters. The estemated 
requirement for calves (100 kg weight) is 3,6 mg/kg DM (Underwood and Suttle, 1999). 
 
Fig. 3. Mean (SE) values of serum ceruloplasmin (Crlp) at various sampling ages (1 = one day old, 2 = 
2 days old, 3 = 4 days old, 4 = 8 days old, 5 = 11 days old, 6 = 18 days old, 7 = 24 days old, 
8 = 29 days old). The normal cattle range is shown by the shaded area. 
 
CONCLUSIONS 
 
 Pearson correlation test showed a positive association between ceruloplasmin and 
RBC, Hb, Htc (P = 0,001) and globulin (P = 0,004) values. Also Pearson correlation test 
showed a negative association (P = 0,04) between ceruloplasmin values and number of 
platelets.  
 There were significant age related changes (p < 0,05) for MCV, MCH, MCHC, 
platelets,WBC, neutrophils, lymphocytes, neutrophils. total protein and globulin values.  
 Serum ceruloplasmin were below cattle reference range 120-200 mg/L for all 32 
calves. 
 These results show that normal reference values for adult cattle could be misleading if 
they were applied to neonatal calves. However, although they may be useful, these reference 
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ranges are based on a relatively small number of animals. The results from this study serve as 
preliminary reference intervals. 
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